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austenitic steel includes, by weight %, manganese (Mn):
15% to 25%, carbon (C): 0.8% to 1.8%, copper (Cu)

satistying 0.7C-0.56(%)=Cu=5%, and the balance of iron
(Fe) and 1nevitable impurities, wherein the weld heat
allected zones have a Charpy mmpact value of 100 J or
greater at —40° C. The toughness of the austenitic steel 1s not

decreased 1n weld heat a

‘ected zones because the formation

of carbides during welding 1s suppressed, and the machin-
ability of the austenitic steel 1s improved so that a cutting
process may be easily performed on the austenitic steel. The
corrosion resistance of the austenitic steel 1s improved so
that the austenitic steel may be used for an extended period
of time 1n corrosive environments.

8 Claims, 2 Drawing Sheets
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WEAR RESISTANT AUSTENITIC STEEL
HAVING SUPERIOR MACHINABILITY AND

TOUGHNESS IN WELD HEAT AFFECTED
ZONES THEREOFKF AND METHOD FOR
PRODUCING SAME

TECHNICAL FIELD

The present disclosure relates to austenitic steel that may
be used 1n various applications, and more particularly, to
wear resistant austenitic steel having superior machinability
and toughness 1n weld heat aflected zones thereof, and a
method for producing the wear resistant austenitic steel.

BACKGROUND ART

Austenitic steel 1s used 1n various applications owing to
characteristics thereof such as work hardenability and non-
magnetic properties. Particularly, although ferritic or mar-
tensitic carbon steel having ferrite or martensite as a main
microstructure thereof has been widely used, the character-
1stics of ferritic or martensitic carbon steels are limited, and
thus the use of austenitic steel has increased as a substitute
therefor, overcoming the disadvantages of ferritic and mar-
tensitic steels.

The use of austenitic steel has steadily increased 1n many
industnal applications requiring steel having ductility and
resistance to wear and hydrogen embrittlement, such as in
rails for maglev rail systems; nonmagnetic structural mem-
bers for general electrical devices and superconducting
devices of nuclear fusion reactors; mining machinery in
mines; general transportation; pipe expanding devices;
slurry pipes; anti souring gas materials; and materials for
mimng, transportation, and storage 1n the o1l and gas (petro-
leum) industries.

In the related art, austenitic stainless steel AISI304 (18Cr-
8N1) 1s a typical nonmagnetic steel material. However, such
austenitic stainless steel 1s not suitable for structural mem-
bers due to having low yield strength, and 1s not economical
because large amounts of relatively expensive chromium
(Cr) and nickel (N1) are included. Particularly, since auste-

nitic stainless steel 1s converted into a magnetic material 1

ferrite having {ferromagnetic characteristics 1s formed
therein by strain induced transformation, the austenitic stain-
less steel 1s not suitable for structural members requiring
stable nonmagnetic characteristics not varying according to
load. That 1s, the applications of austenitic stainless steel are
limited.

Furthermore, along with the development, of the mining,
o1l, and gas industries, the wear on steel used for mining,
transportation, and refining applications has become prob-
lematic. Particularly, although o1l sands have been recently
developed 1n earnest as an unconventional source of petro-
leum, the wear on steel members caused by slurry containing
o1l, gravel, and sand 1s one of the main factors increasing the
production cost of o1l from o1l sands, and thus, the devel-
opment and practical implementation of steel having a high
degree of resistance to wear are increasingly required. In the
mimng industry, Hadfield steel having high wear resistance
has commonly been used. Hadfield steel 1s austenitic steel in
which the transformation of a microstructure to martensite
having a high degree of hardness takes place 1n response to
deformation.

The microstructure of such varied kinds of austenitic steel
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manganese and carbon therein. In this case, however, car-
bides may be formed at high temperature along grain
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boundaries of austenite in the form of a network, thereby
worsening characteristics of the austenitic steel, particularly,
ductility of the austenitic steel. In addition thereto, larger
amounts ol carbides are formed 1n welded portions (weld
heat aflected zones) which are heated to high temperatures
and subsequently cooled, and thus the toughness of the weld
heat affected zones 1s markedly decreased.

A method of manufacturing high-manganese steel by
rapidly cooling high-manganese steel to room temperature
after a solution heat treatment or a hot working process,
performed on high-manganese steel at a high temperature,
has been proposed to prevent the formation ol network-
shaped carbide precipitates. However, 11 a thick steel sheet
1s formed by the proposed method, the eflect of preventing
the precipitation of carbides 1s not suiliciently obtained by
rapid cooling. In addition, the precipitation of carbides may
not be prevented in weld heat affected zones due to the effect
of the heat history of the weld heat aflected zones.

Furthermore, since the machinability of austenitic high-
manganese steel 1s worsened due to a high degree of work
hardenability, the lifespans of cutting tools may be
decreased, and thus, costs for cutting tools may be increased.
In addition, process suspension times may be increased due
to the need for the frequent replacement of cutting tools.
Thus, manufacturing costs may be increased.

DISCLOSURE
Technical Problem

An aspect of the present disclosure may provide austenitic
steel having superior machinability and corrosion resistance
and improved 1n terms ol preventing a decrease 1n toughness
in weld heat affected zones.

However, aspects of the present disclosure are not limited
nereto. Additional aspects will be set forth 1n part 1n the
escription which follows, and will be apparent from the
escription to those having ordinary skill 1n the art to which
ne present disclosure pertains.

t
C
C
t

Technical Solution

According to an aspect of the present disclosure, wear
resistant austenitic steel having superior machinability and
toughness 1 weld heat affected zones thereol may include,
by weight %, manganese (Mn): 15% to 25%, carbon (C)
08% to 1.8%, copper (Cu) satistying 0.7C-0.56(%)
=Cu=5%, and the balance of iron (Fe) and nevitable impu-
rities, wherein the weld heat aflected zones may have a
Charpy impact value of 100 J or greater at —-40° C.

According to another aspect of the present disclosure, a
method of producing wear resistant austenitic steel having
superior machinability and toughness 1n weld heat affected
zones thereol may include: reheating a steel slab to a
temperature ol 1050° C. to 1250° C., the steel slab including,
by weight %, manganese (Mn): 15% to 25%, carbon (C)
0.8% to 1.8%, copper (Cu) satistying 0.7C-0.56(%)=Cu=3%
where C denotes a content of the carbon (C) by weight %,
and the balance of 1ron (Fe) and 1nevitable impurities; and
performing a finish rolling process on the reheated steel slab
within a temperature range of 800° C. to 1050° C.

Advantageous Eflects

According to the present disclosure, the toughness of the
austenitic steel 1s not decreased 1n weld heat aftected zones

thereol because the formation of carbides during welding 1s
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suppressed, and the machinability of the austenitic steel 1s
improved so that a cutting process may be easily performed
on the austenitic steel. In addition, the corrosion resistance
ol the austenitic steel 1s improved so that the austenitic steel
may be used for an extended period of time in corrosive
environments.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a graph 1llustrating a relationship between the
contents of manganese and carbon according to an embodi-
ment of the present disclosure.

FIG. 2 1s a microstructure image of a weld heat affected
zone 1 an example of the present disclosure.

FIG. 3 1s a graph 1llustrating a relationship between the
content of sulfur and machinability in an example of the
present disclosure.

BEST MOD.

(Ll

Herealter, wear resistant austenitic steel having superior
machinability and toughness in weld heat aflected zones
thereot will be described 1n detail according to embodiments
of the present disclosure, so that those of ordinary skill 1n the
related art may clearly understand the scope and spirit of the
embodiments of the present disclosure.

The 1nventors found that 1f the composition of steel 1s
properly adjusted, although large amounts of manganese and
carbon are added to the steel to maintain the microstructure
of the steel 1n an austenitic structure, the machinability of the
steel 1s 1mproved without causing a carbide-induced
decrease 1n toughness in weld heat aflected zones. Based on
this knowledge, the mnventors invented wear resistant aus-
tenitic steel and a method of producing the wear resistant
austenitic steel.

That 1s, manganese and carbon are added to the steel of
the embodiments of the present disclosure to obtain an
austenitic microstructure in the steel while controlling the
content of the carbon relative to the content of the manga-
nese to minimize the formation of carbides during a heating,
cycle such as welding of the steel. Furthermore, additional
clements are added to the steel to further suppress the
formation of carbides and this to ensure suflicient toughness
in weld heat atfected zones, and 1n conjunction therewith,
the contents of calctum and sulfur are adjusted to markedly
improve the machinability of the steel (austenitic high-
manganese steel).

According to the embodiments of the present disclosure,
the steel may include, by weight %, manganese (Mn): 15%
to 25%, carbon (C): 0.8% to 1.8%, copper (Cu) satisiying,
0.7C-0.56(%)=Cu=5%, and the balance of iron (Fe) and
inevitable impurities.

The numerical ranges of the contents of the elements are
set for the reasons described below. In the following descrip-
tion, the content of each element 1s given 1n weight % unless
otherwise specified.

Manganese (Mn): 15% to 25%

Manganese 1s a main element for stabilizing austenite in
high manganese steel like the steel of the embodiments of
the present disclosure. In the embodiments of the present

disclosure, it may be preferable that manganese be added to
the steel i an amount of 15% or more as shown 1n FIG. 1
so as to form austenite as a main microstructure. If the
content of manganese 1s less than 15%, the stability of
austenite may be decreased, and thus suflicient low-tem-
perature toughness may not be obtained. However, 1t the
content of manganese 1s greater than 25%, problems such as
decrease 1n a corrosion resistance of the steel, increase 1n
difficulties 1n the manufacturing process and increase 1n

10

15

20

25

30

35

40

45

50

55

60

65

4

manufacturing costs may occur. Also, the work hardenability
of the steel may be decreased due to a decreased 1n tensile
strength.

Carbon (C) 0.8% to 1.8%

Carbon 1s an element for stabilizing austenite and forming
austenite at room temperature. Carbon increases the strength
of the steel. Particularly, carbon dissolved 1n austenite of the
steel 1increases the work hardenability of the steel and thus
increases the wear resistance of the steel. In addition, carbon
1s an 1mportant element for giving austenite-induced non-
magnetic characteristics to the steel.

To this end, 1t may be preferable that the content of carbon
be 0.8 weight % or greater as shown in FIG. 1. It the content
of carbon 1s too low, austenite may not be stabilized, and
wear resistance may be decreased due to a lack of dissolved
carbon. On the other hand, i1f the content of carbon 1s
excessive, 1t may be diflicult to suppress the formation of
carbides, particularly 1n weld heat aflected zones. Therelore,
in the embodiments of the present disclosure, 1t may be
preferable that the content of carbon be within the range of
0.8 weight % to 1.8 weight %. More preferably, the content
of carbon may be within the range of 1.0 weight % to 1.8
weight %.

Copper (Cu): 0.7C-0.56(%)=Cu=5%

Due to a low solid solubility of copper in carbides and a
low diffusion rate of copper 1in austenite, copper tends to
concentrate 1n interfaces between austenite and carbides.
Therefore, 1f fine carbide nucler are formed, copper may
surround the fine carbide nuclei, and thus additional diffu-
s1on of carbon and growth of carbides may be retarded. That
1s, copper suppresses the formation and growth of carbides.
Therefore, in the embodiments of the present disclosure,
copper 1s added to the steel. The amount of copper 1n the
steel may not be independently determined but may be
determined according to the formation behavior of carbides,
particularly, the formation behavior of carbides 1n weld heat
aflected zones during a welding process. For example, the
content of copper may be set to be equal to or greater than
0.7C-0.56 weight % so as to eflectively suppress the for-
mation of carbides. If the content of copper 1n the steel 1s less
than 0.7C-0.56 weight %, the conversion of carbon nto
carbides may not be suppressed. In addition, 1 the content
of copper 1n the steel 1s greater than 5 weight %, the hot
workability of the steel may be lowered. Therefore, 1t may
be preferable that the upper limit of the content of copper be
set to be 5 weight %. Particularly, in the embodiments of the
present disclosure, when the content of carbon added to the
steel for improving wear resistance 1s considered, the con-
tent ol copper may preferably be 0.3 weight % or greater,
more preferably, 2 weight % or greater, so as to obtain a
suflicient effect of suppressing the formation of carbides.

In the embodiments of the present disclosure, the other
component of the steel 1s iron (Fe). However, impurities of
raw materials or manufacturing environments may be inevi-
tably included 1n the steel, and such impurities may not be
removed from the steel. Such impurities are well-known to
those of ordinary skill 1n manufacturing industries, and thus
descriptions thereof will not be given in the present disclo-
sure.

In the embodiments of the present disclosure, sulfur (S)
and calctum (Ca) may be further included in the steel 1n
addition to the above-described elements, so as to improve
the machinability of the steel.

Sulfur (S): 0.03% to 0.1%

In general, 1t 1s known that sulfur added together with
manganese forms manganese sulfide which 1s easily cut and
separated during a cutting process. That 1s, sulfur 1s known
as an eclement improving the machinability of steel. In
addition, sulfur 1s melted by heat generated during a cutting

process, and thus reduces friction between chips and cutting
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tools during cutting processes. That 1s, sulfur increases the
lifespan of cutting tools by lubricating the surfaces of cutting
tools, reducing the wear of the cutting tool, and preventing
accumulation of cutting chips on the cutting tool. However,
it the content of sulfur in the steel 1s excessive, mechanical
characteristics of the steel may deteriorate due to a large
amount of coarse manganese sulfide elongated during a hot
working process, and the hot workability of the steel may
deteriorate due to the formation of iron sulfide. Therefore, 1t
may be preferable that the upper limit of the content of sulfur
in the steel be 0.1%. If the content of sulfur 1n the steel 1s less
than 0.03%, the machinability of the steel may not be
improved, and thus 1t may be preferable that the lower limat
of the content of sulfur 1n the steel be 0.03%.

Calcium (Ca): 0.001% to 0.01%

Calcium 1s usually used to control the formation of
manganese sulfide. Since calctum has a high afhinity for
sulfur, calcium forms calcium sulfide together with sultur,
and along therewith, calcium 1s dissolved in manganese
sulfide. Since manganese sulfide crystallizes around calcium
sulfide functioning as crystallization nuclel, manganese sul-
fide may be less elongated and may be maintained 1 a
spherical shape during a hot working process. Theretore, the
machinability of the steel may be improved. However, if the
content of calctum 1s greater than 0.01%, the above-de-
scribed eflect 1s saturated. In addition, since the percentage
recovery of calcium 1s low, a large amount of calctum raw
material may have to be used, and thus the manufacturing
cost of the steel may be increased. On the other hand, 1f the
content of calcium 1n the steel 1s less than 0.001%, the
above-described eflect 1s insignificant. Thus, 1t may be
preferable that the lower limit of the content of calcium be
0.001%.

The steel of the embodiments of the present disclosure
may further include chromium (Cr) in addition to the
above-described elements.

Cr: 8% or Less (Excluding 0%)

Generally, manganese lowers the corrosion resistance of
steel. That 1s, 1n the embodiments of the present disclosure,
manganese mncluded 1n the steel within the above-described
content range may lower the corrosion resistance of the
steel, and thus chromium 1s added to the steel to improve the
corrosion resistance of the steel. In addition, it chromium 1s
added to the steel in an amount within the range, the strength
of the steel may also be improved. However, i1 the content
of chromium in the steel 1s greater than 8 weight %, the
manufacturing cost of the steel 1s increased, and carbon
dissolved in the steel may be converted into carbides along
grain boundaries to lower the ductility of the steel and
particularly the resistance of the steel to sulfide stress
cracking. In addition, ferrite may be formed 1n the steel, and
thus austenite may not be formed as a main microstructure
in the steel. Therefore, 1t may be preferable that the upper
limit of the content of chromium be 8 weight %. Particularly,
to maximize the eflect of improving the corrosion resistance
of the steel, 1t may be pretferable that the content of chro-
mium 1n the steel be set to be 2 weight % or greater. Since
the corrosion resistance of the steel 1s improved by the
addition of chromium, the steel may be used for forming
slurry pipes or as an anti sour gas material. Furthermore, the
yield strength of the steel may be stably maintained at 450
MPa or greater by the addition of chromium.

The steel having the above-described composition has an
austenitic microstructure and a high degree of toughness 1n
weld heat affected zones thereof. The steel of the embodi-
ments of the present disclosure may have a Charpy impact
value of 100 J at —40° C. in a weld heat aflected zone.
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In the embodiments of the present disclosure, the steel
having the above-described composition 1s austenitic steel
the microstructure of which has 95 volume % or more of
austenite 1n weld heat affected zones. The steel of the
embodiments of the present disclosure may be used as a
material for forming other products. In addition, the steel of
the embodiment of the present disclosure may be a part
welded to a final product. As described above, austenite
formed 1n the steel may have various functions. In addition
to austenite, some other microstructures such as martensite,
baimite, pearlite, and ferrite may be inevitably formed 1n the
steel as impurity microstructures. In the present disclosure,
the sum of the amounts of the phases of the steel 1s put as
100%, and the content of each microstructure 1s denoted as
a proportion of the sum without considering the amounts of
precipitates such as a carbide precipitate.

Furthermore, 1n the embodiments of the present disclo-
sure, 1t may be preferable that the microstructure of weld
heat affected zones of the steel include 5 volume % or less
of carbides (based on the total volume of the microstruc-
ture). In this case, a decrease 1n toughness of the weld heat
allected zones caused by carbides may be minimized.

In the embodiments of the present disclosure, the steel
satistying the above-described conditions may be produced
by a manufacturing method known 1n the related art, and a
detailed description thereof will not be given. The manu-
facturing method of the related art may include a conven-
tional hot rolling process i which a slab 1s reheated,

roughly-rolled, and finish-rolled. For example, according to
an embodiment of the present disclosure, the steel may be
produced as follows.

Reheating Temperature: 1050° C. to 1250° C.

A steel slab or ingot 1s reheated 1n a reheating furnace for
a hot rolling process. If the steel slab or ingot 1s reheated to
a temperature lower than 1050° C., the load acting on a
rolling mill may be markedly increased, and alloying ele-
ments may not be sutliciently dissolved in the steel slab or
ingot. On the other hand, 1t the reheating temperature of the
steel slab or ingot 1s too high, crystal grains may grow
excessively, and thus, the strength of the steel slab or ingot
may be lowered. Particularly, in the above-described com-
position range of the steel of the embodiments of the present
disclosure, carbides may melt 1n grain boundaries, and 11 the
steel slab or ingot 1s reheated to a temperature equal to or
higher than the solidus line of the steel slab or ingot,
hot-rolling characteristics of the steel slab or ingot may
deteriorate. Therefore, the upper limit of the reheating
temperature may be set to be 1250° C.

Finmish Rolling Temperature: 800° C. To 1050° C.

The steel (slab or ingot) having the above-described
composition 1s hot-rolled within the temperature range of
800° C. to 1050° C. If the hot rolling 1s performed at a
temperature lower than 800° C., the rolling load may be
large, and carbides may precipitate and grow coarsely. The
upper limit of the hot rolling temperature may be set to be
1050° C. which 1s the lower limit of the reheating tempera-
ture.

After the hot rolling, the steel may be cooled by a
conventional cooling method. In this case, the cooling rate
1s not limited to a particular value.

MODE FOR INVENTION

Heremafiter, the embodiments of the present disclosure
will be described more specifically through examples. How-
ever, the examples are for clearly explaining the embodi-
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ments of the present disclosure and are not intended to limit
the spirit and scope of the present disclosure.

EXAMPLE 1

Slabs having elements and compositions shown 1n Table
1 below were reheated at 1150° C. Thereafter, the slabs were
finish-rolled at about 900° C. and cooled to form hot-rolled
steel sheets. The vield strength, microstructure, carbide
fraction of each steel sheet were measured as shown 1n Table
2 below. In addition, the steel sheets were welded by a butt
welding method. Then, the volume fraction of carbides 1n a
weld heat aflected zone (HAZ) of each steel sheet was
measured, and the Charpy impact value of the weld heat
allected zone was measured at —40° C. The measured values

are shown 1n Table 2 below. Although not shown 1n Table 2,
the volume fraction of carbides 1n the weld heat affected
zone of each inventive sample was 5% or less as intended 1n
the embodiments of the present disclosure. In Table 1, the
content of each element 1s given 1n weight %.

TABLE 1

No. C Mn Cu Cr 0.7 C.-0.56
Comparative 1.5 14 0.5
sample Al

Comparative 1.2 13 0.3
sample A2

Comparative 0.9 10 0.1
sample A3

Comparative 1.6 22 0.6
sample A4

Comparative 1.4 16 0.2 0.4
sample A5

Comparative 0.95 20 5.3 0.1
sample A6

Inventive 1.2 17.5 0.85 0.3
sample Al

Inventive 0.9 20 0.5 0.1
sample A2

Inventive 1.5 23 1.23 0.5
sample A3

Inventive 1.12 16 0.76 0.2
sample A4

Inventive 1.25 18.6 1.1 2 0.3
sample A5

Inventive 0.9 18 0.3 3 0.1
sample A6

TABLE 2

Yield strength Carbide fraction  Charpy impact

of steel sheet in HAZ value at HAZ
No. (MPa) (Volume %) (J, =40° C.)
Comparative 412 15 36
sample Al
Comparative 379 12 37
sample A2
Comparative 303 0 40
sample A3
Comparative 425 8.1 42
sample A4
Comparative 417 7.6 45
sample A5
Comparative Impossible to Impossible to Impossible to
sample A6 measure measure measure
Inventive 379 2.1 163
sample Al
Inventive 322 0 173
sample A2
Inventive 436 1.3 282
sample A3
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TABLE 2-continued

Yield strength Carbide fraction  Charpy impact
of steel sheet in HAZ value at HAZ
No. (MPa) (Volume %) (I, =40° C.)
Inventive 364 2.5 130
sample A4
Inventive 476 0.8 207
sample A5
Inventive 521 0 165
sample A6

In addition, the corrosion rate of each of comparative
samples and inventive samples was measured by an immer-
sion test, and the results are shown 1n Table 3 below.

TABLE 3
Corrosion rate (mm/vear)
3.5% NaCl, 0.05M H,SO,,

No. 50° C., 2 weeks 2 weeks
Comparative 0.14 0.47
sample Al
Comparative 0.15 0.47
sample A2
Comparative 0.14 0.46
sample A3
Comparative 0.16 0.50
sample A4
Comparative 0.14 0.46
sample A5
Comparative Impossible to Impossible to
sample A6 measure measure
Inventive 0.14 0.4%
sample Al
Inventive 0.17 0.49
sample A2
Inventive 0.18 0.50
sample A3
Inventive 0.17 0.47
sample A4
Inventive 0.09 0.41
sample A5
Inventive 0.07 0.37
sample A6

The manganese contents of Comparative Samples Al and
A2 were outside of the range of the embodiments of the
present disclosure, and the carbon contents of Comparative
Samples Al and A2 were high. Thus, carbides precipitated
in the form of a network in weld heat affected zones of
Comparative Samples Al and A2, and the carbide factions
in the weld heat aflected zones of the Comparative Samples
Al and A2 were 5% or greater. As a result, Comparative
Samples Al and A2 had very low toughness values 1n the
weld heat affected zones thereof.

In addition, although carbides did not precipitate in Com-
parative Sample A3 having a low carbon content, the man-
ganese content of Comparative Sample A3 was outside of
the range ol the embodiments of the present disclosure.
Therefore, austenite stability was low, and thus transforma-
tion from austenite into martensite was easily imnduced at a
low temperature. As a result, Comparative Sample A3 had a
very low toughness value.

The carbon content of Comparative Sample A4 was
greater than the range of the embodiments of the present
disclosure, and thus the fraction of precipitated carbides 1n
Comparative Sample A4 was 5% or greater. Thus, the

toughness ol Comparative Sample A4 deteriorated at low
temperature.
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The carbon content and manganese content of Compara-
tive Sample A5 were within the ranges of the embodiments
of the present disclosure. However, the copper content of
Comparative Sample AS was outside of the range of the
embodiments of the present disclosure. Therefore, precipi-
tation of carbides was not eflectively suppressed, and thus
the toughness of Comparative. Sample AS was low at low
temperature.

The manganese content and carbon content of Compara-
tive Sample A6 were within the ranges of the embodiments
of the present disclosure. However, the copper content of
Comparative Sample A6 was greater than the range of the
embodiments of the present disclosure. Therefore, hot work-
ing characteristics of Comparative Sample A6 deteriorated
markedly, and Comparative Sample A6 was markedly
cracked during a hot working process. That 1s, Comparative
Sample A6 was not suitable for a hot rolling process, and 1t
was 1mpossible to measure propertiecs of Comparative
Sample A6.

However, in Inventive Samples Al to A6 having elements
and compositions according to the embodiments of the
present disclosure, the precipitation of carbides in grain
boundaries of weld heat aflected zones was eflectively

suppressed owing to the addition of copper, and the volume
fraction of carbides was adjusted to be 5% or less. Thus,
Inventive Samples Al to A6 had high toughness at low
temperature. In detail, although Inventive Samples Al to A6
had high carbon contents, the formation of carbides was
cllectively suppressed owing to the addition of copper, and
thus Inventive Samples Al and A6 had desired microstruc-
tures and properties.

Particularly, according to the results of a corrosion test,
the corrosion rates of Inventive Samples A5 and A6 to which
chromium was additionally added were low. That 1s, the
corrosion resistance of Inventive Samples A5 and A6 was
improved. This eflect of improving corrosion resistance by
the addition of chromium may be clearly understood by
comparison with corrosion rates of Inventive Samples Al to
A4. In addition, the strength of Inventive Samples A5 and
A6 was 1mproved by solid-solution strengthening imnduced
by the addition of chromium.

FIG. 2 1s a microstructure image of a weld heat atiected
zone of Inventive Sample A2. Referring to FIG. 2, although
Inventive Sample A2 has a high carbon content, carbides are
not present in Inventive Sample A2 owing to the addition of
copper within the range of the embodiments of the present
disclosure.

EXAMPLE 2

Slabs having elements and compositions shown 1n Table
4 below were reheated at 1150° C. Thereatter, the slabs were
finish-rolled at about 900° C. and cooled to form hot-rolled

steel sheets. In Table 4, the content of each element 1s given
in weight %.

TABLE 4
No. C Mn Cu Cr 0.7C-0.56 Ca S
Comparative 1.2 17.5  0.85 0.3
sample Bl
Comparative 0.9 20 0.5 0.1 0.01
sample B2
Comparative 1.5 23 1.23 0.5
sample B3
Comparative 1.12 16 0.76 0.2 0.02
sample B4
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TABLE 4-continued

No. C Mn Cu Cr 0.7C-0.56 Ca S
Comparative 1.25 18.6 1.1 2 0.3

sample B3

Inventive 1.19 17.5 0.87 0.3 0.005 0.05
sample Bl

Inventive 0.92 21 0.45 0.1 0.006 0.03
sample B2

Inventive 0.9 21.5 047 0.1 0.006  0.05
sample B3

Inventive 0.88 20.6 047 0.1 0.007  0.08
sample B4

Inventive 1.48 22,5 1.19 0.5 0.005 0.05
sample B3

Inventive 1.15 17.3  0.59 0.2 0.008 0.06
sample B6

Inventive 1.18 18 1.2 2 0.3 0.004  0.08
sample B7

In addition, the steel sheets were welded by a butt welding,
method. Then, the yield strength of each steel sheet and the
volume fraction of carbides in a weld heat affected zone
(HAZ) of each steel sheet were measured, and the Charpy
impact value of the weld heat affected zone (HAZ) of each
steel sheet was measured at —40° C. The measured values are
shown 1n Table 5 below. Holes were repeatedly formed 1n
cach of the steel sheets by using a drill having a diameter of
10 mm and formed of high speed tool steel 1n conditions of
a drill speed of 130 rpm and a drill movement rate of 0.08
mm/rev. The number of holes formed in each steel sheet
until the drill was worn down to the end of its effective
lifespan was counted as shown in Table 5.

TABLE 5

Yield strength Carbide Charpy impact Number

of steel sheet {raction in HAZ value at HAZ of
No. (MPa) (volume %) (I, —40° C.) holes
Comparative 379 2.1 163 0
sample Bl
Comparative 322 0 173 2
sample B2
Comparative 436 1.3 282 0
sample B3
Comparative 364 2.5 130 0
sample B4
Comparative 476 0.8 207 1
sample B5
Inventive 377 2.0 161 3
sample Bl
Inventive 325 0 191 6
sample B2
Inventive 322 0 197 9
sample B3
Inventive 318 0 181 12
sample B4
Inventive 432 1.3 272 2
sample B5
Inventive 369 2.7 154 3
sample B6
Inventive 469 0.7 189 5
sample B7

In addition, the corrosion rate of each of comparative
samples and inventive samples was measured by an immer-

s1on test according to ASTM G31, and the results are shown
in Table 6 below.
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TABLE 6

Corrosion rate (mim/vear)

3.5% Na(l, 0.05M H-,S0,,

No. 50° C., 2 weeks 2 weeks
Comparative 0.14 0.48
sample Bl

Comparative 0.17 0.49
sample B2

Comparative 0.18 0.50
sample B3

Comparative 0.17 0.47
sample B4

Comparative 0.09 0.41
sample B5

Inventive 0.14 0.47
sample Bl

Inventive 0.17 0.48
sample B2

Inventive 0.16 0.48
sample B3

Inventive 0.17 0.47
sample B4

Inventive 0.18 0.51
sample B35

Inventive 0.18 0.48
sample B6

Inventive 0.08 0.42
sample B7

In the mventive samples having elements and composi-
tions according to the embodiments of the present disclo-
sure, precipitation of carbides 1n grain boundaries of weld
heat aflected zones was eflectively suppressed owing to the
addition of copper, and the volume fraction of carbides was
adjusted to be 5% or less. Thus, the inventive samples had
high toughness at low temperature. In detail, although the
inventive samples had high carbon contents, the formation
of carbides was eflectively suppressed owing to the addition
of copper, and thus the inventive samples had desired
microstructures and properties.

Particularly, according to results of a corrosion test, the
corrosion rates of Comparative Samples B5 and Inventive
Sample B’/ to which chromium was additionally added were
low. That 1s, the corrosion resistance of Comparative Sample
B5 and Inventive Sample B7 was improved. In addition, the
yield strength of Comparative Sample B5 and Inventive
Sample B7 was improved to be 450 MPa or greater by

solid-solution strengthening induced by the addition of
chromium.

The machinability of Comparative Samples B1 to B5 was
poor because sulfur and calcium were not added to Com-
parative Samples Bl to BS or the contents of sulfur and
calcium 1n Comparative Samples Bl to BS were outside of
the ranges of the embodiments of the present disclosure.
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However, Inventive Samples Bl to B7 including sulfur
and calcium within the content ranges of the embodiments
of the present disclosure had superior machinability as
compared with the comparative samples. Particularly, in
Inventive Samples B2 to B4 having different sulfur contents,
the machinability thereof was improved in proportion to the
content of sulfur.

FIG. 3 illustrates machinability with respect to the content
of sulfur. Referring to FIG. 3, machinability improves 1n
proportion to the content of sulfur.

The mvention claimed 1s:
1. Wear resistant austenitic steel having superior machin-
ability and toughness 1n weld heat atiected zones thereot, the

wear resistant austenitic steel comprising, by weight %,
manganese (Mn): 15% to 25%, carbon (C): 0.8% to 1.8%,

copper (Cu) satistying 0.7C-0.56(%)=Cu=3%, and the bal-
ance of 1ron (Fe) and mevitable impurities, wherein the weld
heat aflected zones have a Charpy impact value of 100 J or
greater at —40° C.

2. The wear resistant austenitic steel of claim 1, further
comprising, by weight %, sultur (S): 0.03% to 0.1%, and
calcium (Ca): 0.001% to 0.01%.

3. The wear resistant austenitic steel of claim 1, further
comprising, by weight %, chromium (Cr): 8% or less
(excluding 0%), wherein the wear resistant austenitic steel
has a vyield strength of 450 MPa or greater.

4. The wear resistant austenitic steel of claim 1, wherein
the weld heat affected zones have a microstructure compris-
ing 95 volume % or more of austenite.

5. The wear resistant austenitic steel of claim 1, wherein
the weld heat aflected zones have a microstructure compris-
ing 5 volume % or less of carbides.

6. A method of producing wear resistant austenitic steel
having superior machinability and toughness 1n weld heat
allected zones thereol, the method comprising:

reheating a steel slab to a temperature of 1030° C. to

1250° C., the steel slab comprising, by weight %,
manganese (Mn): 15% to 25%, carbon (C): 0.8% to
1.8%, copper (Cu) satistying 0.7C-0.56(%)=Cu=5%
where C denotes a content of the carbon (C) by weight
%, and the balance of 1ron (Fe) and inevitable impu-
rities; and

performing a fimish rolling process on the reheated steel

slab within a temperature range of 800° C. to 1050° C.

7. The method of claim 6, wherein the steel slab further
comprises, by weight %, sultur (S): 0.03% to 0.1%, and
calcium (Ca): 0.001% to 0.01%.

8. The method of claim 6, wherein the steel slab further
comprises, by weight %, chromium (Cr): 8% or less (exclud-
ing 0%), and the steel slab has a yield strength of 450 MPa
or greater.
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